Abstract. The classical MUSIC algorithm does some preprocessing of the signal covariance matrix by eigenvalue decomposition, and the two orthogonal subspaces called signal subspace and noise subspace are divided. Thus the effect of environmental noise is limited to a certain extent. With the decrease of the signal angle interval and the signal-noise ratio, the classical MUSIC algorithm has certain limitations in multiple signals estimation such as loss and confusion, which means the method of estimation is unable to distinguish those signals we need. To this problem, a modified MUSIC algorithm is proposed. By introducing a weighting function in the spatial spectrum, some weighted operation are given to the steering vectors in MUSIC spatial spectrum, making the most of subspaces and there eigenvalues. The subsequent simulations are taken to verify that under the condition of a small signal angle interval and a low signal-noise ratio, the improved algorithm could provide a better signal resolution and offer more accurate estimated results than the classical.
Introduction
Multiple signal classification algorithm [1] (MUSIC) is one of the methods about array signal processing [2] [3] [4] . This algorithm has a good performance of signal estimation, for instance, a significant estimation variance which is close to the cramer-rao bound and a moderate computational work. Taking eigenvalue decomposition [5] (EVD) with the covariance matrix which is made up of array signals, the two subspaces called signal subspace and noise subspace are divided and the orthogonality between them is utilized to build the spatial spectrum which include the signal parameters, such as Direction of Arrival [6, 7] (DOA) and location. The classical MUSIC algorithm has certain limitations in DOA estimation especially in multiple signals estimation. When the several incident angles of signals are close, the division of subspaces appears blurred which causes a certain loss and confusion of signal parameters.
To get more accurate information about target azimuth, some improvements are put forward. A novel weighting function W is introduced to the MUSIC spatial spectrum. By some weighted operation to the steering vectors in spatial spectrum, the improved algorithm could provide a better noise suppression and more accurate estimated results.
Research Method
Consider a uniform linear array (ULA) for the convenience purpose. Some array parameters are given. The number of array elements is M. The spacing between two adjacent elements is 0. 
denotes the steering vector. Some conditions should be satisfied before we use MUSIC algorithm to estimate the signal parameters. First, the number of array elements should be more than the signal number. Then, the steering vectors made up by signals with different incident angles are independent. Also, a non-singular matrix for covariance matrix is necessary. The last, the environmental noise should satisfy the condition as follow,
Consider a covariance matrix of array signals X R , take eigenvalue decomposition and arrange the eigenvalues from large to small,
Then we get 
To come to this case, we get,
Further,
From the formula above we know that the array manifold and noise subspace have orthogonality. It is worth noting that the signal subspace is spanned by the steering vector of array manifold. We can consider that the signal subspace and noise subspace satisfy the orthogonal condition, marked
Then the spatial spectrum of MUSIC is constructed as follow,
Then scanning the spatial spectrum within the searching scope, the N incident angles will be found. The steps of algorithm are as follows, 1. According to the data received by array, calculate the covariance matrix R . To get more accurate information about target azimuth, some improvements are put forward. In classical MUSIC algorithm, if the number of signals we estimated is error, the noise subspace divided is not in conformity with the actual, leading to a big error even a failed DOA estimation, especially in the case of a small SNR. An advisable method is that all the characteristic vectors of the signal covariance matrix are considered and a novel weighting should be taken to the characteristic vectors. After this, the proper weight coefficient will reduce the effect of signal eigenvectors and the noise eigenvectors are entirely used.
The novel weighting function W is introduced to the MUSIC spatial spectrum, then the spatial spectrum changes as, 
Conclusion
This article proposes the cyclic cross correlation MUSIC algorithm to estimate multiple signals with less array elements. Simulation results show that the cyclic cross correlation MUSIC algorithm can provide a better estimation performance especially when the signals number is more than the array elements. This algorithm has a better noise suppression and a larger array aperture than the standard, having a certain reference value.
